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m:HKfICAL FIELD QF TO E. I]WV15KiTTni^ 

The present invention relates to novel 
coapounds which can maintain, increase, or restore 
sensitivity of cells to therapeutic or prophylactic 
agents. This invention also relates to pharmaceutical 
compositions coa^jrising these conipounds. The coopounds 
and pharmaceutical coa?>ositions of this invention are 
particularly well -suited for treataent of saulti-drug 
resistant cells, for prevention of the developsaent of 
multi-drug resistance and for use in multi-drug 
resistant cancer therapy. 

B^GRQUND OF THE TMVgMTTp f ^ 

A major problem affecting the efficacy of 
chemotherapy regimens is the evolution of cells which, 
15 upon exposure to a chemotherapeutic drug, become 

resistant to a multitude of structurally unrelated 
drugs and therapeutic agents. The appearance of such 
multi-drug resistance often occurs in the presence of 
overexpression of a a70-kDA membrane P-glycoprotein 
20 {gp-170). The gp-170 protein is present in the plasma 

membranes of some healthy tissues, in addition to 
cancer cell lines, and is homologous to bacterial 
transport proteins (Hait et al.. Cancer Cc^.n,V,^^ 
Vol. 1(1). 35 (1989); West, TIBS . Vol. 15. 42 (1990)). 
The protein acts as an escport pump, conferring drug 
resistance through active extrusion of toxic chemicals. 
Although the mechanism for the puanp is unknown, it is 
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speculated that the gp-170 protein fimctioas by 
ejcpelliag substances that share certain chemical or 
physical characteristics, such as hycSrophobicity, the 
presence of carbonyl groups, or the existence of a 
5 glutathione conjugate (see ^est) . 

Recently, another protein responsible for 
multidrug resistance, mP (multidrug resistance 
associated protein), ^as identified in H69^ cells, an 
MDR cell line that lacks detectable P-glycoprotein IS. 
10 P. C, Cole et al-, SciLmc^ , 258, pp. 1650-54 (1992)1. 

MRP has also been detected in other non-P-glycoprtoein 
MDR cell lines, such as HL60/M)R and MCF-7 brast 
carcinoma cells KE. Schneider et al., C^nc^?: 54. 
pp. 152-58 (1994); and Krishnaxaachary et al., CfiJC^fL^ 
15 53, pp. 3658-61 (1993)]. 

The MRP gene encodes a 190 M) saesnbrane- 
associated protein that is another mesiber of the ATP 
binding cassette superf amily . MRP appears to function 
in the same manner as P-glycoprotein, acting as a pump 
20 for removing natural product drugs from the cell. A 

possible physiological function for MRP maybe ATP- 
dependent transport of glutathione S-conjugates IG. 
Jedlitschky et al . , Cancer Res^. 54, pp. 4833-36 
(1994); I. Leier et al., Biol. Chem^. 269, pp. 
25 27807-10 (1994); and Muller et al., ?roc, ^tl. ^Q^>Al. 

Sri. USA, 91, pp. 13033-37 (1994)). 

The role of MRP in clinical drug resistance 
remains to be clearly defined, but it appears likely 
that HRP may be another protein responsible for a broad 
30 resistance to anti-cancer drugs. 

Various chemical agents have been adminis- 
tered to repress multi-drug resistance and restore drug 
sensitivity. !ffliile some drugs have ixaproved the 
responsiveness of multi-drug resistant (°MDR°) cells to 
35 chemotherapeutic agents, they have often been 

accompanied by undesirable clinical side effects (see 
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Hait (St al.). For (sssasplcs, although cycloj^porisi A 
|°CsA''), a widely accepted issruaosupprcBssaat, can 
sensitize certain carcinoma cells to ch<2Sbotherapeutic 
agents (Slater et al,, Br^__>I.._Cja3gxc^ , Vol, 5^, 235 
5 (1986)), the concentrations needed to achieve that 
effect produce significant israimo^upprc^sion in 
patients whose issaune systesis are already cosiprosiised 
by chemotherapy (s©e Hait et al.). In addition, CsA 
usage is often accompanied by adverse side effects 

10 including nephrotoxicity, hepatotoxicity and central 

nervous systea disorders. Similarly, calciusi transport 
blockers and calmodulin inhibitors both sensitize 2SDR 
cells, but each produces undesirable physiological 
effects (see Hait et al.; Ti^entysian et al., 

15 £aa££i:* vol. 56, 55 (1987)), 

Recent developments have led to agents said 
to be of potentially greater clinical value in the 
sensitization of MDR cells. These agents include 
analogs of CsA trtiich do not exert an ixBsaunosuppressive 

20 effect, such ao 11 -©ethyl -leucine cyclosporin (ll-siet- 

leu CsA) (see Hait et al.; Twentyman et al.), or agents 
that may be effective at low doses, such as the 
immunosuppressant FK-506 (Epand and Epand, AntJL^CiBuacgr 
Ti^m.l^^xm ^> 189 (1991)). PCT publication m 

25 94/07858 refers to a novel class of MDR modifying 

agents with some (structural similarities to the 
immunosuppressants FK-506 and rapamycin. Despite these 
developments, there is still a need for more effective 
agents which may be used to rQsensitize HDR cells to 

30 therapeutic or prophylactic agents or to prevent the 
development of raulti-drug resistance. 

SIIHH^ QF THE TKrVEMTIQN 

The present invention provides novel 
compounds that have a surprisingly ia5)rov©d ability, as 
35 compared with previously described MDR modifiers, to 



maintain, increase or res tor® drug sensitivity in 
snulti-drug resistant cells, co^>ositioas 

containing these coH^^oimdis and methods for using them. 
The coaipoimds of this invcaation fflsiy be used alone or in 
5 combination ^ith other therapetatie or prophylactic 

agents to maintain, incr©age or restore the therapeutic 
or prophylactic effects of drugs in cells, especially 
MDR cells, or to prevent the development of MDR cells. 
According to one embodiment of this invention, these 

10 novel compounds, compositions and methods are 

advantageously used to aid or enhance chemotherapy 
regimens for the treatment or prophylaseis of cancer and 
other diseases. 

The present invention also provides methods 

15 for preparing the cosxpoimds of this invention and 
intermediates useful in those methods. 

This invention relates to a novel class of 
compounds represented by formula (1) : 




2C 

wherein Rj, B and D are independently: 

Ar, (C1-C6) -straight or branched alkyl, 
(C2-C6) "Straight or branched alkenyl or alkynyl, 
(C5-C7) -cycloalkyl-substituted (C1-C6) -straight or 

25 branched alkyl, (C5-C7 ) -cycloalkyl-substituted 
(C3-C6) -straight or branched alkenyl or alkynyl, 
IC5-C7) -cycloalkenyl-sxjbstituted (C1-C6) -straight or 
branched alkyl , (C5-C7 ) -cycloalkenyl-substituted 
(C3-C6) -straight or branched alkenyl or alkynyl, Ar- 

30 substituted (C1-C6) -straight or branched alkyl, Ar- 
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substituted {C3-C5) -straight or breached alkonyl or 
allcynyl ; 

wherein aay one of the CH2 groups of said 
alkyl chains aay be optionally rGplac<gd by si heteroatom 
5 selected from the group consisting of O, SO, SO2/ 

and NR, t^herein E is selected from the group consisting 
of hydrogen, (C1-C4) -straight or branched alkyl, 
(C3-C4) "Straight or branched alkenyl or alkynyl, and 
(C1-C4) bridging alkyl ijherein a bridge is forxaed 
10 between the nitrogen and a carbon atom of said 

heteroatora-containing chain to form a ring, and wherein 
said ring is optioxially fused to an Ar group; 
B and D aay also be hydrogen; 
J is selected from the group consisting of 
15 (C1-C6) -straight or branched alkyl, (C3-C6) -straight or 

branched alkenyl, Ar-substituted { CI -CS) -straight or 
branched alkyl, and Ar-siibstituted {C3-C6) -straight or 
branched alkenyl or alkynyl; 

K io oolected from the group consisting of 
20 ( CI -C6) -straight ©r branched alkyl, Ar-substituted 
(CI -C6) -straight ©r branched alkyl, Ar-s\ibstitut®d 
(C2-C6) -straight ©r branched alkenyl or alkynyl, and 
cyclohexylB\Qthyl ; 

3t io ooiGCted from the group consisting of 
25 Ar. -ORj, and -JMj>I^; 

wherein I^} has the same definition as R^; and R3 
and R4 independently have the same definitions as B and 
D, or R, and ^ azo taken together to form a 5-7 
membered heterocyclic aliphatic or aromatic ring; 
30 wherein ^ io q carbocyclic aromatic group 

selected fro® thG group consisting of phenyl, 
1-naphthyl, 2-aaphthyl, indenyl, azulenyl, fluorenyl, 
and anthracenyl; 

or Ar is a heterocyclic aromatic group selected 
35 from the group consisting of 2-furyl, 3-furyl, 2- 

thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
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pyrrolyl, oscazolyl, thiazolyl, iaidagolyl, pyrascolyl, 
2-pyra2olinyl, pyrazolidinyl , isoxasolyl, isotriazolyl, 
1,2,3 -oxadiazolyl , 1,2,3 -triasolyl , 1,3, 4 - thiadiazolyl , 
pyridazinyl, pyrimidiayl, pyrasiayl, l,3,5-t£-ia2inyl, 
5 1,3,5-trithianyl, indolizinyl, iadolyl, isoindolyl, 3H- 
indolyl . indoliayl , henzo (bl 2 uraayl , beago [b] thio- 
phenyl, lH-iada2olyl, beazisiidasolyl, bsnzthiazolyl , 
purinyl, ^H-quiaoliziayl , quinoliayl, 1,2,3,^- 
tetrahydro<3uiaoliayl , isequiaoliayl , 1,2,3,4'- 

10 tetrahydroisoquinoliayl, ciaaoliayl, phthalaziayl, 
quinazoliayl , quinoxaliayl , 1 , B-aaphthyridinyl , 
pteridinyl, carbazolyl, acridinyl, phenazinyl, 
phenothiazinyl, and phenojcaziayl; 

whereia siay contain one or more substituents 

15 which are iadependently selected from the group 
consisting of hydrogen, halogen, hydroxyl, nitro, 
-SO3H, trif luoromethyl, trifluoromethoscy, 
(C1-C6) -straight or branched alJcyl, CC2-C6) -straight or 
branched alkenyl, 0- [ (C1-C6) -straight or branched 

20 alkyl], O- HC3-C4) --straight or branched alkenyl] , 

O-benzyl, 0-phenyl, 1, 2-Hiethylenedio3cy, -NRgR^, 
carboxyl. W- (Cl-C5-straight or branched alkyl or C3-C5- 
straight or branched alkenyl) carboxamides , 
N,N-di-{CloC5«>straight or branched alkyl or C3-C5- 

25 straight or branched alkenyl) carboxamides, 

morpholinyl. piperidinyl, 0-M, CH2- (CH2)g-M, 0-(CH2)q-M, 
(CH2)q-0-M. and CH^CH-M; 

wherein and R5 are independently selected from 
the group consisting of hydrogen, ( CI -C6) -straight or 

30 branched alkyl, (C3-C6) -straight or branched alkenyl or 
alkynyl and benzyl; M is selected from the group 
consisting of 4-methoxyphenyl, 2-pyridyl, 3-pyridyl, 4- 
pyridyl, pyrazyl, quinolyl, 3, 5-dimethylisoxazoyl, 2- 
methylthiazoyl, thiazoyl, 2-thienyl, 3-thieayl and 

35 pyrixnidyl; and q is 0-2; and 
a is 0 or 1. 
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Pre£er£\bly, at Isast one o£ B or D is 
independently represented by the foraula -{CH2)y-{Z)- 
(CH2)s"^' iJherein: 
r is 1-4; 
5 s is 0-1; 

Ar is as defined above for cosspounds o£ 
formula (I) ; and 

each Z is independently selected frosn the 
group consisting o£ CE20 0, S, SO, SO^^ and i^herein 

10 R is selected from the group consisting of hydrogen, 

{C1-C4) -straight or branched ©Ikyl, (C3-C4) -straight or 
branched alkenyl or alkynyl, and (C1-C4) bridging 
alkyl, wherein a bridge is formed between the nitrogen 
atom and the Ar group. 

15 The preferred Ar groups of this invention 

include phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
imidazolyl, indolyl, isoindolyl, quinolinyl, 
isoquinolinyl , 1,2,3, 4 -tetrahydroisoquinolinyl , and 
1,2,3, 4 - tetrahydroquinolinyl , wherein said Ar may 

20 contain one or more substituents which are 

independently selected from the group consisting of 
hydrogen, hydroxyl, nitro, trif luoromethyl, (C1-C6)- 
straight or branched alkyl, 0- ( (C1-C6) -straight or 
branched alkyl), halogen, SOjH, and wherein R3 

25 £md R^ are independently selected from the group 

consisting of (C1-C6) -straight or branched alkyl, 
(C3-C6) -straight or branched alkenyl, hydrogen and 
benzyl; or wherein R3 and R^ can be taken together to 
form a 5-6 member ed heterocyclic ring. 

30 Exaii^les of some preferred compounds of 

formula (I) have the formula (II) or (III): 
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therein J aad K are independlieatly (C1-C5)- 
straight or braached alkyl or Ar-sixbstituted (Cl-CS)- 
straight or -branched alkyl; each Ar is independently 
5 one of the preferred aryl groups of this invention, as 
defined above; and each w is 1 or 2. 

Table I provides soave examples of preferred 
compounds of fozmula (I), wherein X is a 3,4,5- 
trimetho3cyphenyl group, and m is 0 (forsnila (I*)) 
10 wherein for each coRpound, B, D, J, K, and are 
defined as indicated. 
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Another eabodisieat of this invention is 
directed to coRpounds of formula {XXXI) : 




wherein m. B, D, J and K are as defined above for 
con^oiinds of forraula (I) ; 

R, has the saiae definition as Rj as defined above 
for compounds of fozroula (I); 
15 W is O or S; 

y is O or N, herein 

when y is 0, then Rq is a lone pair (as used 
herein, the terra °lone pair** refers to a lone pair of 
electrons, such as the lone pair of electrons present 
20 on divalent 03cygen) and R^ is selected from the group 
consisting of Ar, (C1-C6) -straight or branched alkyl, 
and (C3-C6) -straight or branched alkenyl or alkynyl; 
and 

when y is then Rq and R^ are independently 
25 selected from the group consisting of Ar, (Cl-CS)- 
straight or branched alkyl, and (C3-C6) -straight or 
branched alkenyl or alkynyl; or Rq and R^ are taken 
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together to fozBi a heterocyclic 5-S ©esabered riag 
selected frosi the group coasistiag o£ gjyrrolidixie, 
imidazolidine, pyrasolidia©, piperidiae, aad 
piperasiae; 

5 whereia the tersa Ar is as defixied above for 

coH^o\mds of formula (I) . 

Preferably M in cosnpounds of formula (3DCXI) 
is oxygen. Also preferred are coxapoiiads of formula 
(XXXI) wherein at least one of B or D is independently 
10 represented by the formula '-(CH2)^-{Z)-(CH2)g-Ar, 
wherein: 

r is 1-4; 

s is 0-1; and 

each 2 is independently selected from the 

15 group consisting of CH2. 0, S, SO, SO2, and m, wherein 
R is selected from the group consisting of hydrogen, 
{C1-C4) -straight or branched sllcyl, (C3-C4) -straight or 
branched alkenyl or alkynyl, and (C1-C4) bridging 
alkyl, wherein a bridge is formed between the nitrogen 

20 atom and the Ar group. 

As defined herein, the cosnpounds of this 
invention include all optical and racemic isomers. 

As defined herein, all compounds of this 
invention include pharmaceutically acceptable 

25 derivatives thereof. A °phasraaceutically acceptable 
derivative" denotes any pharmaceutically acceptable 
salt, ester, or salt of such ester, of a compoiind of 
this invention or any other compoiind which, upon 
administration to a patient, is capable of providing 

30 (directly or indirectly) a cos^ound of this invention, 

or a metabolite or residue thereof, characterized by 
the ability to maintain, increase or restore 
sensitivity of MDR cells to therapeutic or prophylactic 
agents or to prevent development of multi-drug 

35 resistance. 
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Coiris>oxmda of this invcsntioa, r(2pros®afc©ta by 
forsiulae (I) aad (I'), ©ay b® obtaiatsd usiag ©ay 
conventioaal techaigue. Preferably, these coa^jounds 
are chemically syathesised tsom readily available 
5 starting aaterials, such as alpha-asdao acids. Modular 
and convergent aethods for the synthesis of these 
compouzids are also preferred. In a convergent 
approach, for exaxaple, large sections of the final 
product are brought together in the last stages of the 

10 synthesis, rather than by incremental addition of small 
pieces to a grov^ing molecular chain. 

Scheme 1 illustrates a representative example 
of a convergent process for the synthesis of compounds 
of formula (I) (Therein m is 0 or 1) . The process 

15 comprises coupling of a protected amino acid of formula 
(IV), wherein P is a protecting group, with an amine of 
formula (V) to provide an amino amide of formula (VT) . 
Protected alpha-amino acids are well known in the art 
and many are commercially available. For example, 

20 common protecting groups and convenient methods for the 

protection of amino acids are described in T. W. 
Greene. P. G. M. Wuts, Protective Groups in Organic 
Chemistry . 2nd Ed., John Wiley and Sons, New York 
(1991) . Alkoxycarbonyl groups are preferred for 

25 protection of the nitrogen atom in compoimds of formula 
(IV), with t-butoxycarbonyl (Boc) , benzyl oxycarbonyl 
(Cbz), allyloxycarbonyl (Alloc), and 
trimethylsilylethoxycarbonyl (Teoc) being more 
preferred. 

30 After the coupling, compounds of formula (VI) 

are deprotected under suitable deprotection conditions 
(see Greene, supra) , and the free amino group of (VII) 
is then acylated using a preformed acyl chloride of 
formula (VIII ' ) or any other activated form of a 

35 compound of formula (VIII) . The halogen chloro group 

in (VIII*) may be replaced with other leaving groups or 
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activatiag groups Imo^ ia the art such as other 
halogens, imidazolyl or ptsxxtafluorophexxoscy groups. 

^miaes of formula (V) tfh^reia m iB 0 (formula 
(V)) can also be eonveaieatly prepared, for escas^le, 
as illustrated ia Schesaes 2« 3 aad ^. Roactioa o£ aa 
organoaetallie reageat of formula aad a carbo3cylic 

acid of foraula (WI) , or aa equivaleat {e.g., the 
Weinreb asiide) , provides ketones of formula (XVTI) . 
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Such ketones can be readily converted to amines of 
formula ( V ) using any of the well knom procedures in 
5 the art, for exas^le, through reductive amination 
(Scheme 21 . 

Alternatively (Scheme 3), 1, 6-heptadiyn-4-ol 
can be coupled via a metal -catalyzed reaction to 
aromatic halides of formula (XVIII} to give an alcohol 

10 of formula (XIX) . Subsequent hydrogenation provides an 
alcohol of formula (XX) . Oxidation to a ketone of 
formula (XVII') and subsequent amination %^ould then 
provide the desired amine of formula (V). 

In yet another embodiment of the processes of 

15 this invention (Scheme 4). a ketodiene of formula 

(XXII), derived from an aldehyde of formula (XXI), is 
reduced to yield a ketone of formula {XVTI°). Again, a 
standard amination reaction provides the amine of 
formula {V° • ) . 

20 Thus, this invention also provides a method 

for preparing compounds of formula (I) con^rising the 
steps of: 

(a) coupling an amino acid of formula (IV) 
with an amine of formula (V) to give an amide of 

25 formula (VI); 

(b) deprotecting the amide of formula (VI) 
to give an amino amide of formula (VII) ; and 

(c) acylating the amino amide of formula 
(VTI) with a compound of formula (VIII): 

30 It should be appreciated by those of ordinary 

skill in the art that a large variety of compounds of 



formula (I) stay be readily propared, accordiag to the 
processes illustrated in synthetic Seh<ssies l-'S- The 
same processes siay be used for the synthesis of many 
different end-products, by altering the variables in 
5 the starting xoaterials. 

Optically active cos^ounds of formula (I) stay 
also be prepared using optically active starting 
materials, thus obviating the need for resolution of 
enantiomers or separation of diastereomers at a late 

10 stage in the synthesis. 

Scheme 5 illustrates a representative exanple 
of a process for the preparation of a preferred 
subclass of compoimds of formula (X^l) i^herein W is an 
oxygen. As shovm in Scheme 5, ureas and carbatoates of 

15 formula (XXXI*) are prepared in a scanner analogous to 
the processes for preparation of compounds of formula 
(I) depicted in Scheme 1. Thus, a protected amino acid 
of formula {IV) can be coupled to a secondary amine of 
formula (V*'') . Deprotection followed by acylation with 

20 an acid chloride of formula (XXX) would then provide 
the desired compound of formula (XXXI*). 




-15- 

It ^11 also ho ^appreciated thoB<^ of 
ordinary @kill ixi the art that th@ abo^e sysithQtic 
schemes are not iats^nded to cos^rise a cass^zdhexisive 
list of all means by ^hich the cassspo\m&s or the 
5 intermediates of this invention m^y be sys&thesistsd* 

Further methods or modifications of the abo^e general 
schemes will be evident to those of ordinary skill in 
the art. 

The cosopoxinds of this invention saay be 
10 modified by spending appropriate fmctioaalities to 
enhance selective biological properties. Snch 
modifications are knoim in the art and include those 
which increase biological penetration into a given 
biological system (e.g., blood, lya^hatic system, 
15 central nervous system) , increase oral availability, 
increase solubility to allow administration by 
injection, alter saotabolism and alter rat© of 
excretion. 

Tho egj^o^ds of this invention are 

20 characterised ^ z^q ability to increase, restore or 
maintain the ooncitivity of MDR cells to cytotoxic 
compoxinds, such oo, for example, those typically used 
in chemotheropy. leased on that ability, the compounds 
of this inventiem aro advantageously used as 

25 chemosensitisiag ogonts, to increase the effectiveness 
of chemotherapy i® individuals who are afflicted with 
drug -resistant eoseoro, tismors, metastases or disease. 
In addition, tSto ee^ounds of this invention are 
capable of ©aiatai^ag oensitivity to therapeutic or 

30 prophylactic Qgonto ia non-resistant cells. Therefore, 
the compounds of ^ic invention are useful in treating 
or preventing sulti-drug resistance (°MDR°) in a 
patient. More specifically, these compounds are useful 
in treating of preventing P-glycoprotein-meidated HDR 

35 and MRP-mediated MDR. 



^ used throughout this application, the term 
°patient° refers to Sfca^aals, iacludiag h\2sasias. the 
term °cell° refers to mas^alian cells, iacluding human 
cells. 

5 ^ used herein, the terms ° sensitizing 

agent", ''sensitizer'', °cheaiosensitizing agent°, °chemo- 
sensitizer" and siodifier° denote a compound having 

the ability to increase or restore the sensitivity of 
an MDR cell, or to maintain the sensitivity of a non- 
10 resistant cell, to one or more therapeutic or 

prophylactic agents. The term °MDR sensitization" and 

sensitization" and °resensiti2ation° refer to the 
action of ©uch a conpound in maintaining, increasing, 
or restoring drug sensitivity. 
15 The coa^ounds of the present invention may be 

used in the form of pharmaceutically acceptable salts 
derived from inorganic or organic acids and bases. 
Included asbong such acid salts are the f olloiiiring: 
acetate, adipate, alginate, aspartate, benzoate, 
20 benzenesulf onate, bisulfate, butyrate, citrate, 

camphorate , camphorsulf onate , cyclopentanepropionate , 
digluconate. dodecylsulf ate, ethanesulf onate, fumarate, 
g lucohep tanoa te , g lycerophosphat e , hemisul f a te , 
hcptanoatG, hejcanoate, hydrochloride, hydrobromide , 
25 hydroiodide, 2-hydroxyethanesulf onate, lactate, 

maleate, methanesulf onate, 2-naphthalenesulf onate, 
nicotinate. o:talate, pamoate, pectinate, persulfate, 
3 -phenyl -propionate, picrate, pivalate, propionate, 
succinate, tartrate, thiocyanate, tosylate and 
30 undecanoate. Base salts include ammonium salts, alkali 
metal salts, such as sodium and potassium salts, 
alkaline earth metal salts, such as calciimi and 
magnesium salts, salts vrith organic bases, such as 
dicyclohexylamine salts, M-methyl-D-glucamine, and 
35 salts ^ith amino acids such as arginine, lysine, and so 
forth. Also, the basic nitrogen- containing groups can 
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he quatemized OT.th such ageats as la^or alkyl balides, 
such as ©ethyl, ethyl, progjyl, aad butyl chloride, 
bromides aad iodides; dialkyl (sulfates, such as 
dimethyl, diethyl, dibutyl and diaayl sulfates, long 
chain halides such as decyl, lauxyl, s?yristyl and 
stearyl chlorides, bromides aad iodides, aralkyl 
halides, such as benzyl and pheaethyl bromides aad 
others. Water or oil-soluble or dispersible products 
are thereby obtained. 

The compounds of the present invention may be 
administered orally, parenterally, by inhalation spray, 
topically, rectally, nasally, buccally, vaginally or 
via an implanted reservoir in dosage formulations 
containing conventional non-to3cic pharmaceutical ly- 
acceptable carriers, adjuvants and vehicles, The term 
"parenteral ° as used herein includes subcutaneous, 
intravenous, intramuscular, intra-articular, intra- 
synovial, intrastemal, intrathecal, intrahepatic, 
intralesional and intracranial injection or infusion 
techniques. 

The pharmaceutical compositions of this 
invention comprise any of the compounds of the present 
invention, or pharmaceutically acceptable salts 
thereof, with any pharmaceutically acceptable carrier, 
adjuvant or vehicle. Pharmaceutically acceptable 
carriers, adjuvants and vehicles that may be used in 
the pharmaceutical compositions of this invention 
include, but are not limited to, ion exchangers, 
alumina, aliiminum stearate, lecithin, serxam proteins, 
such as human serum albumin, buffer substances such as 
phosphates, glycine, sorbic acid, potassium sorbate, 
partial glyceride mixtures of saturated vegetable fatty 
acids, water, salts or electrolytes, such as protamine 
sulfate, disodium hydrogen phosphate, potassium 
hydrogen phosphate, sodium chloride, zinc salts, 
colloidal silica, magnesium trisilicate, polyvinyl 
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pyrrolidone, cellulose-based s\xbstaac(ss, polyethylene 
glycol, sodiusi carbo:cy®ethylcQllulose, polyacrylates, 
waxes. polyethylene-polyoKypropyleae-block polymers, 
polyethylene glycol and Hool fat, 
5 According to this invention, the 

pharmaceutical coapositions may be in the f orsfl of a 
sterile injectable preparation, for escasple a sterile 
injectable aqueous or oleaginous suspension. This 
suspension may be formulated according to techniques 

10 known in the art using suitable dispersing or wetting 
agents and siispending agents. The sterile injectable 
preparation ©ay also be a sterile injectable solution 
or suspension in a non-to3cic parenterally-acceptable 
diluent or isolvent, for esas^le as a solution in 1,3- 

15 butanediol. Among the acceptable vehicles and solvents 
that may be o^loyed are water. Ringer's solution and 
isotonic sodits^ chloride solution. In addition, 
sterile, fisted oils are conventionally es^loyed as a 
solvent or suspending snedixam. For this purpose, any 

20 bland fitted oil may be eii^loyed including synthetic 
mono- or di-glycerides . Fatty acids, such as oleic 
acid and itc glyceride derivatives are useful in the 
preparation o2 injectables, as do natural 
pharmaceutieally-acceptable oils, such as olive oil or 

25 castor oil. Gspocially in their polyoxyethylated 

versions. Theoe oil solutions or suspensions may also 
contain q long-chain alcohol diluent or dispersant, 
such as Hx>. la^ly or similar alcohol. 

The pharmaceutical compositions of this 

30 invention ©ay be orally administered in any orally 

acceptable dooage form including, but not limited to, 
capsules, t^lets, aqueous suspensions or solutions. 
In the case of tablets for oral use, carriers which are 
coasnonly used include lactose and com starch. 

35 Lubricating agents, such as magnesiism stearate, are 
also typically added. For oral administration in a 
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capsule for^, u@(s£ul dilu<sats iaeliide Isictose aad dried 
cora starch. t;Jhen aqueous mi^oasioQS are required for 
oral use, the active iagrodient is combined m.th 
emulsifying and suspending agents* If desired, certain 
5 sweetening, flavoring or coloring agents also be 
added. 

Alternatively, the pharmaceutical 
compositions of this invention ®ay be administered in 
the form of suppositories for rectal a&ainistration. 

10 These can be prepared by mincing the agent mth a 

suitable non- irritating esccipient which is solid at 
room tenperature but liquid at the rectal teaoperature 
and therefore ^jill melt in the rectiam to release the 
drug. Such materials include cocoa butter, beeswax and 

15 polyethylene glycols. 

The phar^ceutical compositions of this 
invention may also be administered topically, 
especially when the target of treatment includes areas 
or organs readily accessible by topical application, 

20 including diseases of the eye, the skin, or the lower 
intestinal tract. Suitable topical formulations are 
readily prepared for each of these areas or organs. 

Topical application for the lower intestinal 
tract can be effected in a rectal suppository 

25 formulation (see above) or in a suitable enema 

formulation. Topically- transdermal patches may also be 
used. 

For topical applications, the pharmaceutical 
compositions may be formulated in a suitable ointment 

30 containing the active con^onent suspended or dissolved 
in one or more carriers. Carriers for topical 
administration of the coKE)ounds of this invention 
include, but are not limited to, mineral oil, liquid 
petrolatum, white petrolatum, propylene glycol, 

35 polyoxy ethylene, polyoxypropylene coir5>ound, emulsifying 
wax and v^ter. Alternatively, the pharmaceutical 
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cos^ositions can b® fomi^lated ix^ a suits^ls lotion or 
creasi containing the aetiw co^>onents suspended or 
dissolved in one or saore ph£irs^c(sutically acceptable 
carriers. Suitable carriers include, but are not 
5 limited to, mineral oil, sorbitaa saonostearate, 

polysorbate 60, cetyl esters i^ax, cetearyl alcohol, 
2-octyldodecanol, benzyl alcohol and mter. 

For ophthalmic use, the pharmaceutical 
compositions may be formulated as siicronized 

10 suspensions in isotonic, pH adjusted sterile saline, 
or, preferably, as solutions in isotonic, pH adjusted 
sterile saline, either i^ith our mthout a preservative 
such as benzylalkonixJHi chloride. Alternatively, for 
ophthalmic uses, the pharmaceutical cos^ositions may be 

15 formulated in an ointment such as petrolat\2m. 

The pharmaceutical compositions of this 
invention may also be administered by nasal aerosol or 
inhalation. Such cosipositions are prepared according 
to techniques well-known in the art of pharxnaceutical 

20 formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable 
preservatives, absorption promoters to enhance 
bioavailability, f luorocarbons, and/or other 
conventional solxibilizing or dispersing agents, 

2 5 The amount of active ingredient that may be 

con±)ined with the carrier materials to produce a single 
dosage form will vary depending upon the host treated, 
and the particular mode of administration. It should 
be understood, however, that a specific dosage and 

30 treatment regimen for any particular patient will 
depend upon a variety of factors, including the 
activity of the specific confound ea^loyed, the age, 
body weight, general health, sex and diet of the 
patient, the time of administration and rate of 

35 excretion of the compoimd, the particular drug 

combination, and the judgment of the treating physician 
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and the severity of the particular disease beiag 
treated. The aaount of active iagredieat my also 
depend upon the therapeutic or prophylactic agent, if 
any, ^ith which the ingredient is co-a<^aistered- The 
5 term °pharmaceutically effective asuount" refors to an 

amount effective to prevent multi-drug resistance or to 
maintain, increase or restore drug sensitivity in MDR 
cells. 

Dosage levels of between about 0-01 and about 
10 100 mg/kg body weight per day, preferably bet^?een about 
0.5 and about 50 mg/kg body weight per day of the 
active ingredient compound are useful- A typical 
preparation will contain between about 5% and about 95% 
active compound (w/w) . Preferably, such preparations 
15 contain between about 20% and about 80% active 
compound . 

When the conipounds of this invention are 
administered in combination therapies with other 
agents, they may be a^ninistered sequentially or 

20 concurrently to the patient. Alternatively, 

pharmaceutical or prophylactic compositions according 
to this invention may comprise a combination of a 
compound of this invention and another therapeutic or 
prophylactic agent, 

25 For exanple, the compounds may be adminis- 

tered either alone or in combination with one or more 
therapeutic agents, such as chemotherapeutic agents, 
(e.g., actinomycin D, dojcorubicin, vincristine, 
vinblastine, etoposide, amsacrine, mitoxantrone , 

30 tenipaside, taxol and colchicine) and/or a 

chemosensitizing agent (e.g., cyclosporin A and 
analogs, phenothiazines and thioxantheres) , in order to 
increase the susceptibility of the MDR cells within the 
patient to the agent or agents. 

35 In order that this invention may be more 

fully understood, the following examples are set forth. 
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Those escasiples are for the purpose of illustration only 
and are not to be construed as limitiag the scope of 
the invention in any my. 

Proton nuclear snagaetic resonance (% MJSR) 
spectra were recorded at 500 on a Bruker i^MX 500. 
Chemical shifts are reported in parts per million (8) 
relative to Me^Si (3 0,0). .Analytical high performance 
10 liquid chroaiatography t^as performed on either a Waters 
600E or a Hewlett Packard 1050 liquid chromatograph . 

To a solution of 1,3-acetone dicarboscylic acid (21.0 g, 
0.144 ramol) in absolute ethanol (200 ©L) was added 
dropwise 4-pyridine carboxaldehyde (30.8 g, 0.288 
iranol). Gas evolution occxirred throughout the addition. 
After stirring at room tea^erature for 2 h, the 
reaction was treated with concentrated hydrochloric 
acid (100 mL) and heated to BO^C at which time a yellow 
precipitate slowly formed, An additional 500 mL of 
ethanol was added to allow for stirring of the 
suspension. After 1 hr at 80«»C, the precipitate was 
collected by filtration, washed with ethanol and dried 
under vacuum to provide the desired product as a yellow 
solid. The resulting di hydrochloride salt was 
recrystallized form methylene chloride to provide pure 
coznpound 1 . 

X^5rmiPVximxxri-vlj-Dentan> ^ iie (Com poimd 2) : To a 
slurry of Compound 1 (21.3 g, S7.4 ssnol) in l,4-dio3cane 
(40 mL) was added triethylamine (^8.1 mL, 0.346 raol), 
formic acid (S.54 aL, 0.145 mol) and 10% palladium on 
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carbon (0.7 g) and the resulting mixture heated to 
reflxjx. After stirring at reflux for 1 hr, tho 
reaction i^as cooled to rooa tes^perature filtered and 
concentrated in vacuo. . The rosultiag residue was 
5 chromatographed over silica gel (elution ^th 55 

methanol /methylene chloride) to provide the desired 
material. 

10 ^th^Olj^rQPvl ) amin es _(CQmPQUQd 2) : To a flask equipped 
with a Dean-Stark trap, ^ms added cosepound 2 (12.^6 g, 
51.91 mmol), luorobenzylamine (5 ,93 ©L, 51,91 aenol) 
and benzene (50 aL) and the resulting mixture was 
heated to reflux. Mter the collection of 930 ixL of 

15 water, the reaction mixture was cooled and 

concentrated. The residue was taken up into ethanol 
(50 mL) and added to a slxirry of sodi\2m borohydride 
(2.96 g, 77.8 Ksaol) in ethanol (50 mL) and the mixture 
heated to 80^C and stirred for 1 h. The reaction 

20 mixture was cooled and concentrated. The residue was 
taken up into water, acidified to pH 3,0 with 6M 
hydrochloric acid. The aqueous phase was washed with 
ethyl acetate (23C) . The aqueous phase was made basic 
with sodium hydroxide to a pH of 10 and the product 

25 extracted with methylene chloride (2X) . The organics 
were combined, washed with brine, dried over anhydrous 
macrnesium sulfate, filtered and concentrated in vacuo. 
Chromatography of the residue over silica gel (elution 
with 5^ methanol /methylene chloride) provided 

30 compoiind 3 . 

J^} 'M ' {^'n^qTqy^7; yl)-2' (M-methv l- N -tert-butvlcarbamo- 
yXl , mx^^ - ^'T^h<^n y X-M ' (3-(mrri dinr : . 4-v l ) -i- (2-(pvridin-^- 

yX ) '^^hvl )x>rppvl ) Propionami y^e (Comppp^d 4 ) ; To a 
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solution of cospouad 3 (550 mg, 1,S6 s^aol) aad 
(L) -BOC-N-sethyl-phenylalaaiae (700 sag, 2*5 siaol) in 
methylene chloride (4.0 ®L) containing 
diisopropylethylaaine (300 yL^ 1.72 s^ol) ms added 
5 o-dimethylaaainopropyl) -3-ethyl-carbodiiBiide 

hydrochloride (480 sag, 2.5 saiol) and the reaction was 
allowed to stir for 48 h. The reaction ^sls diluted 
with ethyl acetate and water. The layers ^(BT^b 
separated and the aqueous phase reextracted v^ith ethyl 

10 acetate. The organics were cosibined, washed with 

saturated sodiian bicarbonate, water and brisse, dried 
over anhydrous magnesium sulfate, filtered and 
concentrated in vacuo. Chroiaatography of the residue 
over silica gel (elution with 5% methanol /methylene 

15 chloride) provided compound (4) . 

f 51 -N- f 4*FluQrQfo€nzy l) -2-met ta^a^mn(^ (3- 

amide ( CoirtPQund_51 : Compound 4 was dissolved in 
20 methylene chloride (10 saL) and treated with 

trif luoroacetic acid (4.0 mL) . After stirring at room 
temperature for 1.5 h, the reaction was concentrated in 
vacuo. The residue was neutralized with saturated 
potassium carbonate and extracted with ethyl acetate 
25 (2x) . The extracts were combined, washed with water, 
dried over anhydrous magnesium sulfate, filtered and 
concentrated in vacuo to provide Confound 5. 

( 5 1 -N- f 4 -Fluor obenzvl ) -2 - [me thvl - f 7 -qxo-2 - (3.4. S^j^ri.- 
30 mejjbiQXVDhe nvl ) acetyl 1 amino) -3 -phenyl -M- 13 - (jcjyrjjUn^* 
yp-l- (2- (pyridin-4-vl)-€thvl)jpxopyll^ropij?namide 
ICimomJuod^^Al : To a solution of coapound 5 (500 mg, 
0.98 mmol) and 3 , 4, S-trimethoxybenzyolf ormic acid 
(294 sig, 1.22 i^ol) in methylene chloride (4.0 siL) 
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containing N,W-disiethyl-forsaaaide (0.4 soL) t^as added 
( 3 -dime thy Ifisiinopropyl ) -3 -(sthylcarbodiisdde 
hydrochloride {235 sag, 1.22 asiol) aad th© reaction was 
allowed to stir for 24 h. The roactioa t?as diluted 
5 with ethyl acetate and water. The layers were 

separated and the aqueous phase reextracted with ethyl 
acetate. The organics were cos&ined, washed with 
saturated sodiiam bicarbonate, water and brine, dried 
over anhydrous snagnesiism sulfate « filtered and 

10 concentrated in vacuo. The residue was chromatographed 
on silica gel (elution with 5% siethanol /methylene 
chloride) to provide the desired product. NMR as a 
mixture of rotoaers (500 Wiz, CDCI3) S 8.48-8.44 (in), 
8.38 (dd), 7.36-7.33 (m) , 7.28-7.18 (m) , 7.13-7.02 (m) , 

15 6.97-6.87 (m) , S.58 (d) , 6.00 (dt) , 5.81 (t) , 4.97 

Ibr, s), 4.81 (d), 4.23-4.16 (m) , 3.93 is), 3.90 (s) . 
3.85 (s), 3.76 is). 3.59 (dd), 3.28 (dd) , 3.20 (s), 
3.15 (s), 3.0^-2.96 (a), 3.02 (s) , 3.01 (s) , 2.94 (dd) , 
2.63 (dt), 2.53-2.37 (a), 1.92-1.78 (m) , 1.72-1.62 (m) , 

20 1.52-1.42 (a). 

f S) -N-Bgn7vl-3* (QG^hvl- (2-0X0-2- (3.4. 5-trimethoxvphen- 
yl ) aggtvl ) fiisino> -3 -ohenvl-M- (3 - (pvridin-4-vl ) -1- (2- 

25 Compoimd 7 mo p?op£irQd according to the protocols of 
Examples 3-6, by ?Qplacing 4-f luorobenzylamine with 
benzylamine. as a mixture of rotomers (500 MHz, 

CDCl,) fi 8.48 (dd), 8.53 (dd) , 8.43 (dd) , 8.35 (dd) , 
7.38 (d), 7. 30-7. IS (a), 7.17-7.02 (m) , 6.93 Is), 6.89 

30 (d). 6.54 (d). S.03 Jdd), 5.86 (t), 5.08 (br,d), 4.88 

(d). 4.32-4.18 (a). 3.95 (s), 3.89 (s) , 3.86 (s) , 3.73 
(s), 3.63 (dd), 3.23-3.19 (m) , 3.09 (dd) , 3.05 (s) , 
3.03 (B), 2.97 (dd), 2.63 (dt) , 2.57-2.37 (a), 2.24 
(dt), 2.06 (m), 1.95-1.76 (m) , 1.74-1.63 im) , 1.54-1.44 

35 (a). 
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f -M- (^-ChlQgQbenzyXlj^- (iiaefc]bi3gl_-'_ n-oigo-2-_I3 . 4 . SzifXXr. 
methoxvphenvll acetviy.p wino> -3-phQnvl-M- (3- fpvyl(^3,x)=^ 
vl > -1 - (2 - ( pvT ^ f^-i -vH -athvXipgQavl ) propioxxprni^ 
5 (Compound B) ; Coaqpound 8 was prepared according to the 
protocols of £xasiples 3-6, by replacing 
^-fluorobenzylanine with ^-chlorobeazyleiaine. *H KESR as 
a mixture of rotosiers (500 MHz, CDCl,) 3 8.49 (dt) , 8.45 

(dd). 8.40 (dd), 7.69 (d) , 7.31-7.14 (sa) , 7.12 (s) . 
10 7.08-7.03 (ra). 6.98 (s) , 6.94-6.91 (a), 6.85 (d) . 6.02 

(dd). 5.79 (tl, 4.99 (br d) , 4.83 (d) , 4.22-4.16 (m) . 

3.96 (m), 3.91 (s) . 3.88 (s) . 3.87 (s) , 3.81 (s), 3.78 
(s). 3.61 (dd), 3.33 (dd) . 3.21 (s) , 3.17 (s), 3.04 
(s), 3.03 (s). 3.03-3.00 (a), 2.95 (dd) , 2.65 (dt) , 

15 2.56-2.40 (a). 2.28 (dt) , 1.90-1.80 (a), 1.75-1.66 (a), 
1.52-1.43 (a). 

Ex&giP.lg_9 

( S ) -N-Benzvl -3 - ( 4 -chlo rophpnvl ) -2 - (methvl - (2 -oXQ-2 - ( 3^4 
■ 5- trimethp xvphenvll acetyl) amino! -M- (3- (PVxidin-^-vil ) - 

20 1- (2- {pvridin-4-v l)-ethvl)propvl) prQpionanu.de 

( Cpmnpmx{l_9JL ; Compound 9 was prepared according to the 
protocols of 2:casiples 3-6, by replacing 
4-£luorobenzylasiine ^ith benzylaaine and 
(L) -BOC-N-aethylphenylalanine with 

25 (L) -BOC-N-methyl-4-chlorophenylalanine. *H KMR as a 

mixture of rotomers (500 mz, CDCl,) 8 8.48 (dd) , 8.45 
<dt). 8.38 (dd). 7.32-6.87 (n) , 6.58 (d) . 5.94 (dd) . 
5.78 (t), 5.05 (brd). 4.83 (d) , 4.26 (dd) , 4.15 (a), 

3.97 (s), 3.89 (s), 3.86 (s), 3.75 (s) , 3.57 (dd) , 

30 3.20(s), 3.15 is). 3.15-3.09 (a). 3.05-2.96 (a), 3.01 
(s), 3.00 (s), 2.91 (dd), 2.65-2.38 (a), 2.26 (dt) , 
1.94-1.47 (a). 
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5 prepared accordingf to the protocols of ^c@sapl<as 3-6, by 
replaciag fi-fltiorobsasyls^ia© ^ith 'S-pheaylbaa^lasdsi© 
and cotapound 2 ^ith ^-pyridiaGcarbosmldcshyd®. fi®® as 
a mixture of rotomers (500 mis, CBCl^) S (dd) , 8.42 

(dd), 7.30-7.23 (m), 7.18-7.11 {a), 7.11 (s) , 7.10 (s), 

0 6.90 (d), S.77 (d), 5.88 (t), 5. SO (dd) , 4.85 (d) , 4.50 
(d), 4.28 (d), 3.93 (s) , 3.83 is), 3.81 (s), 3.80 (s) , 
3.65-3 .50 (HI), 3.37 <m) , 3.20-3.15 (m) , 3.08-3.06 (m) . 
3.06 (s), 3.05 (s), 2.92 (dd) , 2.60 (m) , 2.54 (m) , 
1.60-1.48 (m) , 1.38-1.28 (m) . 



1 . 7-Di fpvridinr4^1) -hCTtaxi-^A^^ong^JL^ ^ To a 

solution of l,7-di(pyridin-4-yl)-h(2ptan-4-ol (4.1 
15.2 Hsnol) in m©thyl<sn® chloride (50 roL) at 0**C, was 
added potassium bromide (180 mg) and 
2,2,6. 6-tetraniethyl-l-piperidinyloxy, f r®® radical 
(71 mg) . To the resulting mixture was added dropwise a 
solution of sodium bicarbonate (510 mg) in sodium 
hypochlorite (65 ml) . Mter the addition was con^lete, 
the reaction mixture was warmed to room tesiperature and 
stirred for 30 aia. The mixture was diluted with ethyl 
acetate and water. The layers were separated and the 
aqueous layer reextractod with ethyl acetate. The 
organics were combined, washed with water and brine, 
dried over anhydrous magnesixan sulfate, filtered and 
concentrated in vacuo. Chromatography of the residue 
over silica gel (Qlution with 5^ atethanol /methylene 
chloride) provided compoimd 11. 
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vJULjsicgAy l) aminos -3 

5 Cospoimd 12 prepared aceordiag to th© protocols of 
Exax^les 3-6, by replaeiag luorohsmgylasdaie ^ith 
benzylamine and cosapouad 2 ^ith cosipoimd 11. fiMR as 
a mixture of rotomers (500 £Si2, CBClj) S 8.43-8.38 (m) , 
8.30 im), 8.16 (si), 7.53-7.45 Im) 7.34 (m) , 7.32 im) , 
10 7.26-7.22 (a), 7.1S-7.07 (m) , 7.00-6.83 (a), 5.89 ddd) , 

5.72 (t), 4.90 (d), 4.72 (d) , 4.10 (d) , 4.00 (d) , 3.93 
(s), 3.91 (s), 3.85 (a), 3.74 (s) , 3.52 (dd) , 3.16-3.10 
im), 3.04 (s), 2.99 (dd) , 2,93 (s), 2.84 (dd) , 2.67 
-2.38 (a), 2.30 (m) , 2.22 (m) , 1.63-1.12 (a), 0.94 (m) . 

t^?;hvl-J3- ()^y?:idin^4-v l) -l- (2- -ethvl> - 

RXflmJJLami)aj5^JLCQmnQ 13 ) : To a slurry of methylamine 
hydrochloride (1.7 g, 25.4 s^ol) and sodium acetate 
(2.5 g, 30.48 mtol) in methaaol (20 aaL) was added a 
solution of eos^imd 2 (1.21 g, 5.08 msiol) in methanol 
(5 BiL) . Tho resulting miscture bras treated with a 
solution @£ c©diua cyanoborobydride (370 mg, 6.09 seaol) 
in methaaoi J 5 ©L> and heated to 80®C. Mter 1 h at 
BO^C. tho s-oaetion was cooled to room tesitperature and 
concentroted in ^acuo. The residue was taken up into 
methyloao eM©S'idG and 2W sodiian hydroxide. The layers 
were separotod cmd the organic phase washed with brine, 
dried over oahydrous magnesium sulfate, filtered and 
concentratGd ia ^acuo to provide Coa^ound 13. 

J^l ■W-;W^^hvl-^^Ll^thvl- CL-_m:Q-2- ( 3^.5-trimetbQXVPhen- 

Jm^:X^77. ' i 'y Xi z ^%^^ (CoHtDound 14) > 

Compound 14 was prepared according to the protocols of 
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Bxanpliss by ^oplaciag co@^\md 3 »i&h e^pouad 13. 

mR as a siiscture of rotoraers (500 ^z, CDClj) S 
8.50-8.46 (sa), 8.37 (d) , 7. 32-7. 26 (a), 7.21-7.16(m) . 
7.10-7.06 (m), 6.97 (dd) . 6.93 (d) , 5.93 (d) . 5.54 (t) . 
5 4.72 (br.s), 4.17 (m) . 3.94 (s) , 3.92 (s) , 3.84 (s) , 

3.82 (s), 3.51 (dd). 3.38 (dd) . 3.29 (s) , 3.11 (dd) , 
3.06 (s), 3.00 (s). 2.97 (dd) , 2.86 (s) , 2.82 (s) . 2.49 
(m). 2.37-2.23 (m) , 2.17-1.98 (ffl) , 1.85-1.55 (a). 

aaag»Dle.JL5 

10 J[5I=M-HethyIr2^Lijagthvl- f2-oxo-2- f 3 . 4 . S-t^ rimethoxvphen- 
vllacetvl > amino) -3-phenvl-W- f 3- f pvri ^ir^-^-v i ) -i- f 2- 

Compound 15 was prepared according to the protocols o£ 
Examples 13 and 14, by replacing coBpound 2 t^ith 
15 compound 11. »H NMR as a mixture of rotomers (500 MHz, 
CDClj) a 8.44-8.38 (a), 8.37-8.30 (a), 7.50-7.43 (a), 
7.38-7.08 Im), 7.04 (s). 7.03-6.98 (a). 6.90-S.86 (m) , 

5.83 (dd). 5.74 (t) 4.75 (t) , 4.65 (a). 3.94-3.93 (a), 
3.92 is). 3.90 (s), 3.84 (s) , 3.83 (s), 3.44 (dd) , 3.32 

20 (dd), 3.20 (B). 3.01 (dd) , 2.95 (s), 2.91 (s) . 2.87 

(dd), 2.59 (B), 2.58-2.37 (a). 1.68-1.00 (a). 

Example 16 

(5) -Mn^hYl -^-JmRK bvl- f 2-PXP- 2- ( 3 .4 . 5-trimethoxv- 
RhenvJ,) acetyl) amino )pentanoic acid benzvl (3- (pvridin- 
25 4 -VA ) - 1 - ( 2 -Jpyridin - 4 - vl ) ethvl > aropvl ) amide 

ICfiniROTOd 16) : Con^jound 16 was prepared according to 
the protocols of Exan^jles 3-6, by replacing 
4-f luorojaenzylamine with benzylamine and (L)-BOC-N- 
methylphenylalanine with (S) -BOC-W-raethylleuciae. 

30 Example 17 

(5) -4 -Methvl -2- tmethvl - <2 -pxo-2- (3 . 4 . 5- 
JximgthPXVPhenvU^etvl)amino )pentanQic jacid 4- 
;Ujw:pben^vl (3^^Pvridin-4-vl-l- f 2- pvridin-4-vl- 
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prepared accordiog to th® protocols o£ Ssssa^les 4-6, by 
replacing (L) -Boc-W-methylphenylalaaine with {S)-Boc-W- 
snethylleucine . £MR as a sdxture of rotomers 
5 (500 mz, CBCl,) 3 8.48 (si), 8.45 (d) , 7.32 (si), 

7.18 (s). 7.12 (s), 7.09-6.92 (sa), 6.84 (d) , 5.72 (dd) , 
5.48 (dd), 4.99 (br d) , 4.68 (d) , 4.42 (d) , 4.36 (d) . 
4.29 (Bi). 3.94 (s), 3.91 (s) , 3.87 (s) , 3.83 (s). 
2.96 (s). 2.92 (s), 2.69 (dt) , 2.62-2.55 (ra) , 2.52-2.44 
10 (m). 2.12-1.73 (m) , 1.63-1.57 (sa) , 1.48-1.39 (m) . 1.23 

(n\). 1.03 (t), 0.90 (d), 0.69 (d) . 



(St -4-Methv l-2- (methvlTi2-QXO- 2- n . 4 . 
trimethoxvphenvl ) acetyl J eumin QjLpentaCToie acid .4- 

15 chloroben^vl (3-Pvridin-4-vl-l- (2-^iv ridin-4-vl- 

ethvllprppyJJ-gmidg- (Compound-Aai : Compound 18 was 
prepared according to the protocols of E»aH5)les 3-6, by 
replacing 4-£luorobenzylBmine with 4-chlorobenzylaniine 
and (L) -Boc-N-methylphenylal£mine with (S)-Boc-N- 

20 methyl leucine. NMR as a mixture of rotomers 

(500 MHz. CDCl,) 8 8.50 (m) . 8.47 (d) . 7.38 (d) , 7.30- 
7.26 (in), 7.19 (s) , 7.13 (s) , 7.10 (d) , 7.04 (d) , 
6.98 (d), 6.84 (d). 5.73 (dd) , 5.47 (dd) , 5.03 (br d) , 

4.69 (d). 4.42 (d) . 4.36 (d) . 4.31 (m) . 3.95 (s) . 
25 3.93 (s). 3.88 (s) , 3.84 (s) . 2.97 (s) . 2.94 (s) . 

2.70 (dt), 2.63-2.43 (in). 2.12-1.56 (m) , 1.48-1.40 Im) . 
1.25 (m). 1.04 (t). 0.91 (d) . 0.70 (d) . 



( 5 ) -N- ( 4 - f luoxTpbenzvI ) - 3 - ( 4 -chloro phenvl ) -2 - (me thvl - ( 2 - 
30 Qxo-2- (3 ■ <L3^imethQxvphenvl ) acetyl) am ino) -M- f 3- 

raoridin-^ ryl- 1 - ( 2 -pvridin -4 -vl -ethyl ) propyl ) prooion- 
amide ( Cpiappund JL9) ! Compound 19 was prepared 
according to the protocols of Ejtaxnples 4-6, by 
replacing (L) -Boc-M-methylphenylalanine with {L)-Boc-N- 
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methyl-4-chloropheaylalaaia©. *H S8m as a misttur® of 
rotomers (500 mz, CBCl,) 9 (m) , 7.34 (s) , 

7.28-7.20 (a), 7.10-6.90 (m) , 5.64 (d) , 5.S2 (dd) , 
5.74 It), 4.95 (brd), 4.74 (d) , 4.24-4. 13 (m) , 
5 3.94 (s), 3.90 (s) , 3.86 (s) , 3.77 (s) , 3.54 (dd) , 

3.23-3.17 (m), 2.99 (s) , 2.98 Is). 2.90 (d) , 2.63 (dt) , 
2.59-2.37 (m), 2.28 (dt) , 1.94-1,70 (m) , 1.57-1.47 (hi). 

( 4 -Chlprobgn tevl > - f B- imida^cO^^^a^^m^ 

10 (CompQund 201 : To a solution of l-(3-amino- 

propyl) imidazole (2.1 g, 16.8 ssaol) , diisopropyl- 
ethylamine (3.5 mL, 20.0 xnsvol) and 4-N,N-dimethyl- 
aminopyridine (200 sng, 1.7 nsnol) in methylene chloride 
(15 mL) at O^C was added dropi^^ise 4-chloroben2oyl- 

15 chloride (2.1 mL, 16.8 mqoI) . The reaction was then 
allowed to warm to room tesiperature . Mter 5 hours, 
the reaction was diluted with methylene chloride, 
washed with IN sodium hydroxide, brine, dried over 
anhydrous magnesium sulfate, filtered and concentrated 

20 in vacuo to provide a white solid. This material was 
washed with diethyl ether to provide N- (3-imidazol-l- 
yl-propyl) -4-chloroben2amide. To a slurry of the above 
amide (1.58 g, 6.0 mmol) in tetrahydrofiircun (30 mL) was 
slowly added lithium aluminum hydride (456 mg, 

25 12.0 mrool) upon which the reaction became exothermic. 

The mixture was heated to 80®C, stirred for 1 hr, 
cooled to 0°C and quenched by addition of water 
(0.5 mL) , 15% sodium hydroxide (0.5 mL) and an 
additional 1.5 mL of water. The reaction was diluted 

30 with ethyl acetate, dried over zmhydrous magnesixun 

sulfate, filtered and concentrated in vacuo to provide 
conpound 20. 
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10 



3*phmyterQnim^mldg_J^ ; Ca^ouad 21 ^^s 

prepared according to the protocols of Exssiples ^-6, by 
replacing cospoimd 3 ^;?ith co^ouad 20. *H 8®© as a 
mixture of rotomers (500 mz, CBCl,) ® 8.<98 (m) , 
7.44 (br s), 7.37 (br s) , 7 .30-7 .16 (a) . 7.10-7.02 la), 
6.95 (d), 6.83 (a), 5.78 (t), 5.72 (t) , 4.77 (d) , 
4.57 (d), 4.26 (dd), 3.94 «s) , 3.93 (s), 3.88-3.77 (a), 
3.48 (dt), 3.42-3.33 (a), 3.19-3.14 (a), 
3.12 (s), 3.13-2.97 (a), 2.89 (t) , 2.80 (a), 



3.80 (s) 

3.13 (s) 

2.74 (t) 

1.60 (m) 



2.65 (a), 2.08-1.98 (a), 1.90 (a), 1.80- 



15 g^^BW^l^-J^ 

propyl )agiine JLCQig)MW^ : To a solution of 1,5- 
Diphenylpentan-3-one (S.26 g, 22.1 aaol) , aaaoniua 
acetate (6.52 g, 110.5 ssnol) and sodiua acetate 

20 (9.06 g, 110.5 sistiol) in aethanol (80 aL) ^as added a 

solution of sodiiaan cyanoborohydride (1.67 g, 
26.52 amol) in methanol (20 aL) and the reaction heated 
to reflux. After stirring at reflux for 30 ain, the 
reaction was cooled and concentrated to dryness. The 

25 residue was partioned between aethylene chloride and 2W 
sodiua hydroxide. The organic phase was separated, 
washed with brine, dried over anhydrous aagnesiua 
sulfate, filtered and concentrated in vacuo. 
Chromatography of the residue on silica gel (elution 

30 with 2-5% aethanol /methylene chloride) provided N-(l- 
phenethyl-3-phenyl-propyl) amine. To a solution of the 
above aaine (2.1 g, 8.82 aaol) in ethcmol (50 aL) , was 
added 2-iaida2ole-carboxaldehyde (813 ag, 8.47 ssnol) 
and the reaction heated to 50®C- After stirring for 

35 2 hr, the resulting homogeneous solution was treated 
with sodiua borohydride (400 rag, 10.58 aaol) and 
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allowed to stir overnight. ^© reaction tms 
concentrated to dryness and the residue ^as partioned 
between methylene chloride and 2W sodiiaxn hydroxide. 
The organic phase was separated, washed with brine, 
5 dried over anhydrous soagnesium siilfate, filtered and 
concentrated in vacuo. Chromatography of the residue 
on silica gel (elution with 55 saethanol /©ethylene 
chloride) provided coapoiond 22. 

10 iS) -J^^nHrImlda^Ql^ -vl-mg>thvl1 -2- (methvl- (2-03to-2- 

(3.4. ) amint^-]^- f l-phenethvl-J3 - 

Compound 23 was prepared according to the protocols of 
Examples 4-6, fay replacing cosi^und 3 with compoxind 22. 

15 *H NMR as a mixtxire of rotoxaers (500 MHz. CDClj) S 7.40- 
7.00 (m). 6.95-6.87 (a). 5.95 (t) , 5.69 (t) , 4.66 (d) , 
4.46 (d), 4.12 (m) , 3.94 (s) , 3.92 (s), 3.82 is). 
3. 81 Is), 3.80 (s), 3.47 (s) , 3.43 (dd) , 3.34 (dd) , 
3.22 (s), 3.15 (s), 3.03 (dd) , 3.00 |s) , 2.60 (dt) , 

20 2.45-2.22 (a), 1.80-1.78 (m) . 

Exaimle 24 — HnB^EMSITIZATIQM ASSAYS 
To asoay the ability of the compounds 
according to this invention to increase the 
antiproliferative activity of a drug, cell lines which 

25 are known to be resistant to a particular drug may be 
used- These cell lines include, but are not limited 
to, the L1210, P38BD, CHO and MCF7 cell lines. 
Alternatively, resistant cell lines may be developed. 
The cell line is escposed to the drug to which it is 

30 resistant, or to the test compoxmd; cell viability is 
then measured and compared to the viability of cells 
which are exposed to the drug in the presence of the 
test compound. 
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!f3e have carried out assays using L1210 EQouse 
leukemia cells transformed ^ith the pHaMDRlM 
retrovirxis carrying a MDRl cD®?^, as dtsscribed by Pastan 
et al., Jgrc»::..JaRtl^-^^ Vol. 35, ^486-4490 

5 (1988). The resistant line, labelled L1210V^RC, 06, 
was obtained from Dr. M. £3. Gottessian of the B?ational 
Cancer Institute. These drug-resistant transfectants 
had been selected by culturing cells in 0.06 mg/ml 
colchicine. 

10 Hulti-drug resistance assiays %^ere conducted 

by plating cells {2 ss 10^, 1 3c 10^, or 5 3c 10^ 
cells /^ell) in 96 ti^ell microtiter plates and exposing 
them to a concentration range of doKonibiein (50 nM-10 
uH) in the presence or absence of snulti-drug resistance 

15 modifier compounds {°SSDR inhibitors") of this invention 
{1, 2.5 or 10 iM) as described in Ford et al., Cgooc^ 
Res^. Vol. 50, 1748-1756. (1990). After culture for 3 
days, the viability of cells was quantitated using MTT 
(Mossinan) or XTT dyes to assess mitochondrial function. 

2 0 All determinations were siade in replicates of 4 or 8. 

Also see, Mossman T., >L,_ Jimnimca.^fethQds . Vol. 65, 55- 
63 (1983). 

Results were determined by coaiparison of the 
IC5Q for doxonibicin alone to the ICgQ for doxorubicin-^ 

25 MDR inhibitor. An MDR ratio was calculated (IC3Q Dox/ 
IC5Q Dox * Inhibitor) and the integer value used for 
coxT^^arison of compoxmd potencies. 

In all assays, compounds according to this 
invention were tested for intrinsic antiproliferative 

30 or cytotoxic activity. The results are sumoarized in 
Table 2 below. As demonstrated in Table 2. the 
compounds generally caused <10^ cytotoxicity at 
concentrations of 10 vM or greater. In Table 2, ^S»ST° 
indicates that the compound was not tested at the 

35 respective concentration. 
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TARLi; 2: ©valuation of PorfirwMineas for Re5f®rSA3^j:ijLJ^ 






IC». o Tinv 




SVSk WAV 


MDR 
Ratio 




Dox 










5 uM Cod 


1 D «M Cod 




1.0 vM. 
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350 


65 


<50 


5.4 


>7.0 
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425 


95 


<50 


4.5 


>8.5 
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600 


55 


ISO 


4.0 


10.9 
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275 


<50 


<50 


>5.5 


>5.5 


10 


400 


170 


65 


2.4 


6.1 


12 


460 


125 


<50 


3.2 


>9.2 


14 


775 


610 


350 


1.3 


2.2 


15 


375 


375 
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1.0 


2.1 


16 


350 


65 


<50 


5.4 


>7.0 


21 


350 


275 


85 


1.3 


4.1 


23 


600 


125 


<50 


4.8 


>12.0 


CsA 


500 




<55 


NT 


>9.1 



10 



15 



In OT^Q^ to demonstrate that the compoimds of 
this invention q?q effective in reversing HPR-mediated 
MDR, in addities^ to ?-glycoprotein-raediated MDR, ije 
assayed inhibition in a non-P-glycoprotein expressing 
25 cell line. 

We plQtod HL60/ADR cells in 96 well 
microti ter plotoo fl6 a 10^ cells/well) . The cells were 
then exposed to various concentrations of doxorubicin 
(50 nM to 10 uM) &n the presence or absence o£ various 

30 compounds of thio invention at various concentrations 
10,5 - 10 uM) , MtG? cultiiring the cells for 3 days, 
their viability wao quantitated using the XTT dye 
method to asseco mitochondrial function. Results were 
expressed as a ratio of the ICj© for doxorubicin alone 

35 to the the IC^o for doxorubicin plus MDR inhibitor. ICjo 
values are expressed in nM. In all assays the 
intrinsic antiproliferative or cytotoxicity activity of 
the MDR inhibitors was also determined for HL60/ADR 



W(D)SXS/]lS3l©S 



-36- 

cells. The results of this assay are set forth in 
Table 3 below: 



Table 3: Reversal Of HRP-Ki<2idated HDR in HL50/ADR 
Cells 
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l^ile have describ<sd a member of 
10 embodiments of this invention, it is apparent that our 

basic constructions may be altered to provide other 
embodiments which utilize the products, processes and 
methods of this invention. Therefore, it will be 
appreciated that the scope of this invention is to be 
15 defined by the appended claims, rather than by the 

specific embodiments which have been presented by way 
of example. 
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I claim: 

1. A cospoiind of forsnula (1): 




wherein R^, B and D are independently: 

Ar, {C1-C6) -straight or branched alkyl, 
(C2-C6) -straight or branched alkenyl or alkynyl, 
{C5-C7)-cycloalkyl-substituted (C1-C6) -straight or 
branched alkyl, {C5-C7) -cycloalkyl-sxabstituted 
(C3-C 6) -straight or branched alkenyl or alkynyl, 
(C5-C7)-cycloalkenyl-s\ibstituted (C1-C6) -straight or 
branched alkyl, (C5-C7) -cycloalkenyl-substituted 
(C3-C6) -straight or branched alkenyl or alkynyl, Ar- 
substituted (C1-C6) -straight or branched alkyl, Ar- 
sxibstituted (C3-C5) -straight or branched alkenyl or 
alkynyl ; 

wherein any one of the CHj groups of said 
alkyl chains may be optionally replaced by a heteroatom 
selected from the group consisting of O, S, SO, SO2* 
and NR, wherein R is selected from the group consisting 
of hydrogen, (C1-C4 ) -straight or branched alkyl, 
(C3-C4) -straight or branched alkenyl or alkynyl, and 
{C1-C4) bridging alkyl wherein a bridge is formed 
between the nitrogen and a carbon atom of said 
heteroatom-containing chain to form a ring, and wherein 
said ring is optionally fused to an Ar group; 

B and D may also be hydrogen; 

provided that is not hydrogen; 

J is selected from the group consisting of 
(C1-C6) -straight or branched alkyl, (C3-C6) -straight or 
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branched alkenyl, Ar-substituted (C1-C6) -straight or 
branched alkyl, aad Ar-substituted {C3-C6) -straight or 
branched alkenyl or alkynyl; 

K is selected from the group coasisting of 
(C1-C6) -straight or branched alkyl, Ar-substituted 
(C1-C6) -straight or branched alkyl, Ar- substituted 
(C2-C6) -straight or branched alkenyl or alkynyl, and 
cyclohexylmethyl ; 

X is selected from the group consisting of 

Ar, -ORj, and -NRjRo; 

vrherein R3 has the sanae definition as Rj; and 

Rj and Rfl independently have the same definitions 

as B and D; or R3 and R^ are taken together to form a 5- 

7 membered heterocyclic aliphatic or aromatic ring; 
wherein Ar is a carbocyclic arosaatic group 

selected frost the group consisting of phenyl/ 

1- naphthyl, 2-naphthyl. indenyl. azulenyl, fluorenyl, 
and anthraconyl; 

or Ar is a heterocyclic aromatic group selected 
from the group consisting of 2-furyl, 3-furyl, 2- 
thienyl, S-thienyl. 2-pyridyl, 3-pyridyl, 4-pyridyl. 
pyrrolyl. osasolyl. thiazolyl, imidazolyl, pyraxolyl, 

2- pyra2oiinyl. pyrazolidinyl, isoxazolyl, isotriazolyl, 
1.2,3-o::ndiagolyl, 1.2,3-tria2olyl, l,3,^-thiadia2olyl, 
pyridazinyl. ipyrisaidinyl, pyrazinyl, 1, 3 , 5-triazinyl, 
1.3.5-trithiQayl, indolizinyl, indolyl, isoindolyl, 3H- 
indolyl. iadolinyl, ben2o(b] furanyl, benzotb) thio- 
phenyl, IM-indasolyl, benzimidazolyl, benzthiazolyl, 
purinyl. <lH-^iaolizinyl, quinolinyl, 1,2.3,4- 
tetrahydro^inolinyl , isoquinolinyl , 1,2,3,4- 
tetrahydroisoquinolinyl, cinnolinyl, phthalazinyl, 
quinasolinyl , quinojtalinyl , 1 , 8-naphthyridinyl , 
pteridinyl, carbazolyl, acridinyl, phenazinyl, 
phenothiazinyl. and phenoxazinyl; 

wherein Ar may contain one or more substituents 
which are independently selected from the group 
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consistiag of hydrog{sa, halogen, hydroscyl, aitro, 
-SO3H, trifluoroaethyl, trif luoroaeth03Qf, 
(C1-C6) -straight or branched all?yl. (C2-C6) -straight or 
branched alk<snyl, O- 1 (C1-C6) -straight or branched 
alkyllr 0-[ (C3-C4) -straight or branched alkenyl] , 
0-benzyl, 0-phenyl, l,2-®ethylenedio2qr, -mgRo* 
carboxyl, W- (CI -C5 -straight or branched allqrl or C3-C5- 
straight or branched alkenyl) earboxasaides , 
N,N-di- (Cl-C5-straight or branched alkyl or C3-C5- 
straight or branched alkenyl) carbostamides . 
morpholinyl, piperidinyl, Oi^- (CH^j^j-M, 0-{CH2)g-M, 

{CH2)q-0-M, and CH=C13-£1; 

wherein R5 and are independently selected from 
the group consisting of hydrogen, (C1-C6) -straight or 
branched alkyl, (C3-C6) -straight or branched alkenyl or 
alkynyl and benzyl; M is selected from the group 
consisting of 4-methoxyphenyl, 2-pyridyl, 3-pyridyl. 4- 
pyridyl. pyrazyl, quinolyl, 3 , S-disiethylisoxazoyl, 2- 
methylthiazcyl. thiazoyl, 2-thienyl. 3-thienyl and 
pyrimidyl; and q is 0-2; and 
m is 0 or 1. 

2. The cospound of fonmila (I) according to 
claim 1, wherein at least one of B or D is 
independently represented by the formula - (CR2^ r' " 
(CHjjg-Ar, wherein: 

r is 1-4; 

s is 0-1; 

Ar is as defined in claia 1; and 
each Z is independently selected from the 
group consisting of CH^, O, S, SO, SO2, and wherein 
R is selected from the group consisting of hydrogen, 
( CI -C4) -straight or branched alkyl, (C3-C4) -straight or 
branched alkenyl or alkynyl, and (C1-C4) bridging 
alkyl, wherein a bridge is formed between the nitrogen 
atom and the Ar group. 



3, fhe coapoimd of fozsmla (I) according to 
claiffl 1 or 2, ^;7herein Ar is selected from the group 
consisting of phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
imidazolyl, indolyl, isoindolyl, quinolinyl, 
isoquinolinyl , 1,2,3, ^-tetrahydroisocguinolinyl , and 
1,2,3,4-tetrahydroguinolinyl, therein said Ar saay 
contain one or more sxabstituents which are 
independently selected frosi the group consisting of 
hydrogen, hydroxyl, nitro, tri fluorosis thy 1, (C1-C6)- 
straight or branched alkyl, O- [ (Cl-CS) -straight or 
branched alkyl), halogen, SOjH, and m3R^, wherein R3 
and are independently selected from the group 
consisting of (CI -C6) -straight or branched alkyl, 
(C3-C6) -straight or branched alkenyl, hydrogen and 
benzyl; or tsrherein R3 and R^ can be taken together to 
foryn a 5-6 meabered heterocyclic ring. 



4. A coiapound of formula {II) or (III): 




wherein J and K are independently (C1-C6) -straight 
or branched alkyl or Ar- substituted (C1-C6 ) -straight or 
branched alkyl; 

each Ar is independently as defined in claim 3 and 
each w is 1 or 2. 

5. A coHipound of forsiula selected from 

the group wherein B. D, J, K and R^ for each compound 
are as defined below: 
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Cod 


B° 


0° 


j 


K 


in, 


6 


4-Pyr.(CHB),. 




CM, 




4-F-PhCh,- 


7 


4.Pyr.{CH,),. 


4-Pyr-(CH,V 


CH, 


PhCH, 


PhO^- 


B 


4-Pyf-(CH,),- 


4-P5fr-(CH,V 


CH, 




4-C>-PhChj- 


9 


4-Pyr.(CH,),- 


4.Pyr.(CH,),- 


CH, 




PhCh,- 


10 


«. 


PH(CH,), 


CH, 




4-Pyr-CHa 


12 


3.pyr-(CH„),- 


3.Pyr.(CH,),- 


CH, 




PhCh,- 


14 


'J-Pyr-<CH,),- 


^Pyr.{CH,),. 


CH, 


PhCM, 


CH, 


15 


3-Pyr-{CM,),. 


3-Pyf(CH,),- 


CH, 




CH, 


16 


4-Pyr-(CH,),- 


4-Pyr-{CH,),- 


CH, 


(CMJjCHCHj- 


PhCh,- 


17 


4-Pyr-(CH,),- 


<a-Pyr-(CH,),- 


CH, 


(CMJyCHCH,. 


4-F-PhCh,- 


IB 


4-Pyf.(CH,),- 


<J-Pyr-(CM,),- 


CH, 


(CHJjCHCH,- 


4-C^PhCh5- 


19 


4-PyrKCH,),. 


4-PyrKCH,),. 


CH, 


4-Cf"PhCH, 


4-F-PhCh,- 


21 


H- 


3-liMCH,), 


CH, 


PhCH, 


PhCh,- 


23 


Ph(CH,),. 


Pti(CH,),- 


CH, 


PhCH, 





wherein Pyr is a pyridyl radical. Ph is a phenyl group 
and Im is an imidazolyl group. 

6. A compound selected from the group 
consisting of: 

IS) -N- (^-Fluorobenzyl) -2- (methyl- (2-oxo-2- (3,4,5- 
tri-methoxyphenyl ) acetyl ) amino) -3-phenyl-W- (3- 
(pyridin-4-yl) -1- (2- {pyridin-4-yl) -ethyl) propyl ) - 
propionamide (compound 6); 

(S) -N- (^-Chlorobenzyl) -2- (methyl- (2-oxo-2- (3,4,5- 
tri-methoxyphenyl) acetyl) amino) -3-phenyl-N- (3- (pyridin- 
4-yl)-l - (2 - (pyridin-4-yl) -ethyl) propyl") propionamide 
(compound 8) ; 
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(S) -N-Ben2yl-3- {4-chlo5roph<snyl) -2- (methyl- (2- 
03CO-2- (3.4, 5 -tri5ietho3cypheayl) acetyl) Qfflino) -N- (3- 
(pyridin-4-yl) -1- (2- (pyridia-4-yl) -ethyl) propyl ) - 
propionamide (compound 9); osid 

(S) -W-4-f luoroben2yl-3- (4-chlorophenyl) -2- (methyl- 
( 2 - oxo - 2 - ( 3 , 4 , 5 - tr ime thoxypheay 1 ) ace ty 1 ) araino ) -M- ( 3 - 
pyridin-4 -yl-1- ( 2 -pyridin-4 -yl -ethyl ) propyl ) propion- 
amide (compound 19) . 

7. A coarpoimd of foroiula (300CI) : 




wherein m, B, D, J and K are as defined in 
claim 1; 

R, is Ar, (C1-C6) -straight or branched alkyl, 
(C2-C6) -straight or branched alkenyl or alkynyl, 
(C5-C7) -cycloalkyl-substituted (C1-C6) -straight or 
branched alkyl. (C5-C7 ) -cycloalkyl-substituted 
(C3-C6) -straight or branched alkenyl or alkynyl, 
(C5-C7)-cycloalkenyl-substituted (Cl-CS) -straight or 
branched alkyl . {C5-C7 ) -cycloalkenyl-substituted 
(C3-C6) -straight or branched alkenyl or alkynyl. Ar- 
substituted (C1-C6) -straight or branched alkyl, Ar- 
substituted (C3-C6) -straight or branched alkenyl or 
alkynyl; 

wherein any one of the CH2 groups of said 
alkyl chains may be optionally replaced by a heteroatoxn 
selected from the group consisting of 0, S, SO, SO2, 
and NR, wherein R is selected from the group consisting 
of hydrogen. {C1-C4 ) -straight or branched alkyl. 
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(C3-C4) -straight or branched alkcsnyl or alkyayl, and 
(C1-C4) bridging ©Ikyl ^jhcsrein a bridge is formed 
between th© nitrogen and a carbon atom of said 
heteroatoin-containing chain to form a ring, and wherein 
said ring is optionally fused to an Ar group; 
W is 0 or S; 
Y is 0 or W, wherein 

when y is 0, then Rq is a lone pair (as used 
herein, the term °lone pair° refers to a lone pair of 
electrons, such as the lone pair of electrons present 
on divalent oxygen) and is selected from the group 
consisting of Ar. (C1-C6) -straight or branched alkyl, 
and (C3-C6) -straight or branched alkenyl or alkynyl; 
and 

when Y is then Rq and R^, are independently 
selected from the group consisting of Ar, (C1-C6)- 
straight or branched alkyl. and (C3-C6) -straight or 
branched alkenyl or alkynyl; or Rq and R^ are taken 
together to form a heterocyclic 5-6 membered ring 
selected from the group consisting of pyrrolidine, 
imidazolidine. pyrazolidine, piperidine. and 
piperarine; 

wherein the term Ar is as defined in claim 1. 

8. The corapound of formula (XXXI) according 
to claim 7, wherain W is oxygen, 

9. The corapound of formula (XXXI) according 
to claim 7 or claim 8. wherein at least one of B or D 
is independently represented by the formula -(CH2)x.- 
(2) - (CHjjfi-Ar, wherein: 

r is 1-4; 
s is 0-1; 

Ar is as defined in claim 1; and 
©ach Z is independently selected from the 
group consisting of CH2. 0, S, SO, S02# and WR, wherein 



R is selected frosa the gro^p eonaistix^g of hydrogen, 
(C1-C4) -straight or branched alkyl, (CB-^C'S) -straight or 
branched alkenyl or allcynyl, and (Cl-C'S) bridging 
alkyl, wherein a bridge is formed between the nitrogen 
atom and the Ar group. 

10. A pharmaceutical cosaposition for 
treatment or prevention of multi-drug resistance 
comprising a pharmaceutically effective amoxint of a 
compound according to any one of claims 1 to 5 and a 
pharmaceutically acceptable carrier, adjuvant or 
vehicle . 

11. The pharmaceutical composition according 
to claim 10, further comprising a chemotherapeutic 
agent . 

12. The pharmaceutical composition according 
to claim 10 or 11, further comprising a 
chemosensitizer , other than the compound according to 
any one of claims 1 to 9 . 

13 . A method for treating or preventing 
multi-drug resistance in a patient comprising the step 
of administering to said patient a pharmaceutical 
composition comprising a pharmaceutically effective 
amount of a compound according to any one of claims 1- 
9. and a pharmaceutically acceptable carrier, adjuvant 
or vehicle. 

14. The method according to claim 13, 
wherein said con^osition is administered orally. 

15. The method according to claim 13 or 14, 
wherein said multi-drug resistance is P-glycoprotein- 
meidated. 



IS. The aethod according to claim 13 or 14, 
vdierein said aulti-drug resistance is £3RP-mediat(£d . 

17. A process for the synthesis of a 
compound of formula (I) , according to any one of claisis 
1 to 3, comprising the steps of: 

(a) coupling an amino acid of formula (IV) 
with an amine of formula (V) : 



Di D 



to give an amide of formula (VI) 



(b) doprotecting the amide of formula (VI) 
to give an aaiae oaide of formula (VII) : 




(c) ocylating the amino amide of formula 
(VII) with cos^uad of formula {VIII ) : 



wherein B, D, J, K, X and are as defined in'claim 1. 




fc? A^i^JsGCSKa Wo 
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